Abstract: Acne vulgaris affects more than 80% of adolescents and young adults and forms a substantial proportion of the dermatologist's and general practitioner's caseload. Severity of symptoms varies but may result in facial scarring and psychological repercussions. Oral isotretinoin is highly effective but can only be prescribed by specialists. Side effects are recognized and mostly predictable, ranging from cosmetic effects to teratogenicity. These can affect patients' quality of life and treatment adherence. This article provides a commentary on 4 key areas: the use of oral isotretinoin vs oral antibiotics, including the importance of early recognition of nonresponse to treatment, the psychological effects of acne and isotretinoin treatment, the side effects of isotretinoin therapy, and cosmetic treatment options that can help alleviate predictable side effects. The authors, who have all participated in various international expert groups, draw on relevant literature and their extensive professional experience with oral isotretinoin in the treatment of acne. The aim of this article is to provide an informative and practical approach to managing oral isotretinoin treatment in patients with acne, to help optimize treatment of this skin disease.
Introduction
Acne vulgaris is one of the most common skin diseases in Europe, 1 and the most common in the USA, 2 affecting more than 80% of adolescents and young adults, 1 and persisting for decades in many cases. 3 It is a chronic inflammatory disease of the pilosebaceous unit, presenting with symptoms of inflammation -erythema, swelling, discomfort -with scarring reported in 43% of patients. 4 As often occurs with dermatological conditions, 5 such symptoms have inevitable psychological and social repercussions. 6 Treatments vary according to severity, from topical therapy (retinoids, benzoyl peroxide, antibiotics) in mild cases to oral antibiotics, hormonal treatments, and oral isotretinoin in moderate to severe cases. Current European guidelines 7 strongly recommend the use of oral isotretinoin -in moderate or severe papulopustular/ nodular acne, at a dose of 0.3-0.5 mg/kg/day, and acne conglobata, at a dose of ≥ 0.5 mg/kg/day. Systemic therapy, including isotretinoin, is not usually recommended for mild-to-moderate papulopustular acne.
affect quality of life -a balance must be struck to avoid undertreatment of this highly prevalent condition. We describe our experience of oral isotretinoin use in patients with acne vulgaris, drawing on relevant publications to address key points relating to isotretinoin use, namely: the use of oral isotretinoin vs antibiotics, the psychological effects of acne and oral isotretinoin treatment, the side effects of oral isotretinoin treatment, and cosmetic approaches that can be used concurrently to alleviate predictable side effects.
Use of Isotretinoin vs Antibiotics
Management of acne vulgaris should aim to treat all factors involved: abnormal follicular keratinization, sebum production, bacterial flora, and especially inflammation. Patients should be offered a simple treatment regimen to increase acceptability and adherence. 12 Oral antibiotics are generally used to treat moderate to severe acne; they should be used along with a topical treatment, 13 preferably containing benzoyl peroxide. 14 In recent years, the exponential increase in antibiotic resistance has led to limitations on the use of antibiotics -oral antibiotics should be used for no longer than 3 months 15 -and appropriate alternatives are required. 16 One alternative is oral isotretinoin, 17 which has led the management of severe acne since Peck reported complete clearance in 13 of 14 patients treated. 18 Traditionally, it has been used in the management of acne that meets the following criteria:
• at systemic antibiotic use in these patients prior to isotretinoin. They reported a mean duration of antibiotic therapy of 331.3 days; 15% of antibiotics were prescribed for 3 months or less, 64% for 6 months or more, and 34% for 1 year or longer. The study concluded on the importance of early recognition of patients with failure to respond to oral antibiotics, urging a decision at 6 to 8 weeks to continue or discontinue antibiotics and consider isotretinoin. 20 
Our Experience and Recommendations
For 30 years, we (Piquero et al) 21 have been using isotretinoin at low doses or 0.2-0.3 mg/kg/day for a period of 12 months, then maintaining with topical therapy, with an excellent response in more than 80%, in moderate inflammatory acne in patients prone to physical or psychological scarring. In severe inflammatory acne, we continue to use the doses recommended in international guidelines. Based on the evidence and on our experience, patients should be offered a simple treatment regimen to increase acceptability and adherence. The indication for and duration of systemic antibiotics should be limited, particularly when effective alternatives are available. 22 
Psychological Aspects of Acne Vulgaris and the Role of Oral Isotretinoin
Acne has a substantial psychological impact on most patients with the condition, manifesting mainly as depressive symptoms. 23, 24 Oral isotretinoin treatment has had the greatest therapeutic impact on acne, improving symptoms markedly. However, a study published in 1983 asserted that oral isotretinoin could cause depressive symptoms, 9 and since then multiple publications have fueled controversy on this subject. Those that found a positive association between isotretinoin and depression concluded that it was an idiosyncratic effect occurring in a minority of patients, who often had a past history or family history of depression. 25, 26 However, most studies have not found an association between oral isotretinoin and depression, but rather, have found a beneficial effect of reduced depressive symptoms with the treatment. [27] [28] [29] [30] [31] [32] In 2017, a systematic review and meta-analysis was published on the association between oral isotretinoin and depression. 33 It included 31 controlled or prospective noncontrolled studies with ≥ 15 patients who had received oral isotretinoin for acne. With these criteria, the authors 34 developed a questionnaire on treatment satisfaction, which included an evaluation with depression and anxiety scales before, during, and after isotretinoin treatment. The questionnaire was delivered to approximately 4000 patients. All of the respondents reported substantial psychological benefits, giving high satisfaction scores for oral isotretinoin treatment. All said they would be willing to repeat the treatment if necessary in the future. 34 
Our Experience and Recommendations
Treatment of acne with oral isotretinoin does not appear to be associated with increased depression for the majority of patients; in fact, it appears to be associated with a reduction in depressive symptoms. 11 There will be a small subset of patients who have increased depression and suicidal thoughts while on this medication. With this in mind, and given the increased predisposition -independently of other factors -to depression during adolescence, it would be prudent to recommend close monitoring of all patients with acne, to identify those who, due to individual susceptibility, have a high risk of depression.
Side Effects of Oral Isotretinoin
Isotretinoin is a physiologically active metabolite of vitamin A (retinol). 35 Almost all patients treated with oral isotretinoin experience disease clearance, 7,9 but at therapeutic doses, it can have side effects. Most, with the exception of teratogenicity, are dose-related. A recent Cochrane review 36 of 31 randomized control trials involving 3836 participants concluded that non-serious side effects were more common in isotretinoin than oral antibiotics plus topical agent, but no conclusion was drawn on serious adverse events due to the low number of events.
Oral isotretinoin should only be prescribed under the supervision of physicians with expertise in the use of systemic retinoids for the treatment of acne and with a full understanding of the risks and monitoring requirements. General practitioners may also be consulted by patients during their isotretinoin treatment, so awareness of relevant issues is advantageous.
Side effects may be categorized as: 1) teratogenic, 2) clinical: cutaneous or extracutaneous, and 3) laboratory findings. Oral isotretinoin has also been associated with nonspecific side effects involving various body systems, but generally these are sporadic or isolated descriptions whose clinical relevance appears to not be significant compared to the huge amount of prescriptions issued worldwide. In addition, it is likely that there is a tendency to overestimate the incidence and severity of side effects in the information sheets of oral isotretinoin, as frequently happens with other drugs. 37 Teratogenicity This is the most important side effect. 38 Ingestion of oral isotretinoin in female patients of childbearing potential, independently of the dose, may induce major fetal malformations, premature birth, or spontaneous abortion in a high percentage of cases. Pregnancy prevention programs (PPPs), in their various forms, 39, 40 have generally proved successful to an extent, as unplanned pregnancies while on treatment with oral isotretinoin still occur, albeit in small numbers. Female patients undergo laboratory pregnancy testing before starting treatment, then monthly at the beginning of each menstrual cycle during treatment, and one month after finishing treatment. They receive detailed verbal and written information on isotretinoin treatment in general and contraception methods in particular. Contraception use must begin one month before starting treatment and continue throughout treatment until one month after stopping treatment. Unfortunately, there is some initial evidence to suggest that even the most stringent PPPs, like iPLEDGE, the system currently used in the USA, do not decrease the number of fetal exposures to oral isotretinoin in comparison with previous, less stringent PPPs. 41 Consequently, it is extremely important to ensure patients receive accurate information and remain in close contact with their specialist. Furthermore, two recent articles have highlighted the potential unintended barriers that such stringent compulsory programs can have, and indeed the potential effect of delay to starting treatment or premature stopping treatment in some cases, particularly in certain population groups, due to the inconvenient nature of the programs. 42, 43 In 2018, the European Medicines
Agency completed its review of retinoid medicines and confirmed that an update of pregnancy prevention measures was needed. 44 
Cutaneous Side Effects
Side effects such as dryness and desquamation of the skin and mucous membranes are very frequent; indeed, their absence may raise the question of under-dosing. They occur secondary to a pharmacologically-induced sebumsuppressive effect 45 and epidermal dyscohesion 46, 47 that results in xerotic and desquamative changes. [45] [46] [47] The most common clinical side effect is cheilitis (Figure 1 ), a dryness of the lips that may range from simple xerosis to painful fissures. 48 Dry skin and desquamation are frequently experienced in a dose-dependent manner where sebaceous glands are most prevalent, namely the face, chest, and back. Dryness of the nose and eyes may also be seen when patients receive a dose that is too high for them. Severe skin reactions (eg erythema multiforme, Stevens-Johnson syndrome, and toxic epidermal necrolysis) have very rarely been observed. 49 Some patients experience an initial worsening of their acne in the first month of treatment; less commonly, isotretinoin can induce acne fulminans. 50 This is probably related to a dose of isotretinoin too high for that individual patient.
Extracutaneous Side Effects
Headache, tiredness, and eye disorders including visual disturbances at night, keratitis, and corneal opacities, may be experienced during treatment and can sometimes be drug-related and dose-related. Benign intracranial hypertension has been reported when isotretinoin has been used together with certain antibiotics. 51 Gastrointestinal disorders associated with colitis and inflammatory bowel disease may occur during treatment with isotretinoin, but a causal relationship has not been demonstrated. 52, 53 Indeed, meta-analyses have found no association between increased risk of IBD and isotretinoin use. 54 The psychiatric effects of oral isotretinoin are discussed elsewhere in this article.
Laboratory Abnormalities
Lipids: oral isotretinoin may induce a dose-related increase in blood cholesterol and triglyceride levels.
A large meta-analysis review 53 of this topic found that oral isotretinoin was associated with a statistically significant change in the mean value of these parameters, but the mean increase did not meet criteria to be considered high risk. In addition, the proportion of patients with such laboratory abnormalities was low enough that it was deemed not necessary to check this on a monthly basis (as stated in the EU summary of product characteristics 55 ) but rather to check before starting treatment, after 6 weeks, and subsequently every 3 months during therapy. 56 Oral isotretinoin should be discontinued if hypertriglyceridemia cannot be controlled. Liver transaminases may also increase while on treatment, with a clearly dose-dependent effect. It should be borne in mind that there are many possible causes for elevated transaminases, and these should be excluded. In a recent review, the increase in transaminases due to oral isotretinoin was defined as transient and not typically requiring discontinuation of the treatment. 57 Transaminases should be checked before treatment, after 6 weeks, and subsequently at 3 monthly intervals unless more frequent monitoring is clinically indicated.
Creatinine phosphokinase (CPK) is a muscle enzyme that is physiologically increased by exercise. Oral isotretinoin has been considered a further possible inducer, and the effect may be dose-dependent. There are few clinical studies on CPK and oral isotretinoin, and most of the published articles are case reports. 58 The prevalence of increased CPK levels ranges between 10% and 50% 58 but the causative role of the drug should be assessed on a case by case basis. Moderate physical exercise, as many adolescents do, is a well-known cause of elevated CPK levels. Muscle symptoms are occasionally reported, and very rarely evidence of muscle damage has been recorded. 10, 58 Bone changes have occasionally occurred after several years of administration at very high doses in patients affected by disorders of keratinization or pediatric cancers, although the dose, duration of treatment, and total cumulative dose in these patients generally far exceeded those recommended for the treatment of acne. [59] [60] [61] [62] Monitoring for full blood count abnormalities is of low value, as abnormalities occur infrequently and are unlikely to affect management. 63 
Our Experience and Recommendations
Appropriate management of the dosage is critical. Each patient has unique characteristics in terms of drug absorption, bioavailability, and presentation of side effects. Dermatologists must keep in mind the differences in the production of the active agent, and the wide-spread use of oral isotretinoin generics available.
The literature clearly shows that a low starting daily dose of 0.1-0.2 mg/kg/day, or around 10 mg daily, and a progressive increase to the highest dose tolerated by the patient is a successful way to get good clinical results while minimizing side effects in comparison with a standard dose of 0.5 mg/kg/day. 64 All drugs have the potential to cause side effects. Clearly, the balance between positive clinical effects and side effects must be weighted towards the first, and this is indeed the case in the vast majority of patients treated with oral isotretinoin. A review of the efficacy and adverse events of oral isotretinoin, including only randomized control trials, with a total of 760 patients, found that only 12 patients stopped treatment because of side effects. 49 Oral isotretinoin is undoubtedly the most effective drug in the management of severe acne that is refractory to other therapies. It is sometimes erroneously described in broad brush-strokes as a dangerous drug, without specifying that the only real aspect of concern is teratogenicity in female patients of childbearing age, for which risk management plans are in place, as described above. Until the discovery of new active anti-acne molecules, oral isotretinoin remains the drug on which to focus and accumulate further expertise in the treatment of severe acne.
Cosmetic Issues
The cosmetic management of acne is of great importance and should be viewed as part of the treatment recommendations in patients treated with topical and oral products. 65 Naturally, patients want good therapeutic results in the shortest time possible. Oral isotretinoin, which is so useful in the management of inflammatory acne, alters the barrier function of skin, sebaceous lipids, and skin microflora. Appropriate advice and cosmetic treatment help to diminish the adverse effects, thus favoring adherence to treatment, which contributes to better therapeutic efficacy and quality of life for patients. 66 In dermatology in general, and especially in acne, dermocosmetics have a very important role in minimizing the adverse effects of pharmacological treatment. 67 Adherence to prescribed treatment has a large impact on treatment outcome. Multiple studies have shown that adherence to acne medications is particularly low and is associated with a suboptimal response to treatment, particularly when an individual is prescribed a combination of topical and systemic treatments. 3, 68 It is important to add dermocosmetics at the start of oral isotretinoin treatment to minimize side effects and improve adherence. They should be chosen according to their ingredients, to align with the specific needs of the patient and their environment. Oral isotretinoin is associated with the following structural and functional changes in the skin: 46, 69 
Altered Barrier Function
Xerosis, fissures, and eczematous dermatitis are common side effects due to altered barrier function. As a consequence, there is loss of the homeostatic control of water content and flux (barrier permeability), low recognition and neutralization of microbes (antimicrobial barrier) and loss of the antioxidant barrier. Consequently, there is increased risk with solar exposure (photoprotection barrier) and altered response to exogenous allergens and haptens (immune barrier). 46 
Corneocyte Decohesion
Oral isotretinoin causes an increase in epidermal turnover and skin fragility, making it susceptible to intradermal separation. There is loss of desmosomes and reduced tonofibrils. Corneocytes are easily separated from the most external layer of the stratum corneum, which explains the desquamation experienced by patients, and transepidermal water loss (TEWL) may increase, depending on the oral isotretinoin dose. 70 The changes trigger a cycle of pro-inflammatory cytokine release that causes epidermal hyperproliferation and hyperkeratosis. 46, 71 In 2007, we (Herane and colleagues) conducted a prospective, double-blind, placebo-controlled study 72 of an adjuvant therapy to oral isotretinoin (0.4-0.7 mg/kg) with a specific moisturizing gel-cream formulated with actives including biosaccharide gum-2, hyaluronic acid and glycerin. After one month of treatment, compared to the placebo group, the group treated with the adjuvant had 19% higher hydration levels and lower TEWL levels (barrier effect) than those on isotretinoin alone.
Changes in Cutaneous Lipids
It is important to differentiate between lipids that are physiologically integrated in the intercellular lipid membrane (ILM) and those derived from sebum that are secreted in the follicular canal and flow to the skin surface. Studies in mice showed that isotretinoin did not alter the ILM. 46, 70 The sebum-suppressive effect of oral isotretinoin (at a recommended total dose of 100-120 mg/kg) begins after one month of treatment and subsides around 4-5 months after completing treatment. At 6 weeks, the change in lipid composition begins, with a reduction in the proportion of glycerides (by 36%), increase in free sterols (34%) and total ceramides (19%), and increase in the free sterol: cholesterol ratio (86%). 73 Cholesterol increases 10-25% and the proportion of waxy esters and squalene decreases. 45, 46 This translates to a reduction in comedogenesis and number of comedones.
71,74
Skin Microflora
Oral isotretinoin induces changes in the type and number of microorganisms that colonize the skin and anterior nasal mucosa, with increased colonization by Staphylococcus aureus and a marked reduction in Propionibacterium acnes from the start of treatment that continues after treatment ends. 75 
Our Experience and Recommendations
Appropriate skin care in acne vulgaris treated with retinoids involves gentle cleansing, repair of the cutaneous barrier and maintenance of barrier function. 72 Cleansing should use gentle soaps, cleansing emulsions or micellar cleansing lotions. 66 Abrasive cleansers and those containing sulfur, glycolic acid, or similar, should be avoided. Hydrating and emollient products should be noncomedogenic, hypoallergenic, non-irritating, and non-greasy, with an aqueous base. 76 It is highly important to use specific moisturizers that contain active ingredients of a sufficient quality and concentration to protect and repair the skin. Products with hyaluronic acid, glycerin, biosaccharides, oligosaccharides, or similar, are suitable. 72, 77 During periods of high solar exposure and particularly in countries with thinning of the ozone layer, dermatitis, eczema, cheilitis, and other signs of solar sensitivity are common in photoexposed areas: mainly the face, hands and arms. An SPF 50+ UVA/UVB solar protector that has been specifically tested for comedogenicity in oily, acneprone skin, should be used when exposed to sun, reapplied every 2 hrs and after swimming or sweating.
For the lips and mucous membranes, petroleum jelly at night and lip balms with an SPF 30-50 filter during the day, reapplied several times per day, are recommended. Eye drops and gels are particularly helpful for patients who wear contact lenses or live in areas with high air pollution levels. Sunglasses should be worn, especially in summer and if taking part in any outdoor activities.
Regarding hair removal, cold waxes or razors are preferable to hot waxing or lasers, and moisturizer and sun protection should be applied afterwards. Intensive pulsed light (IPL) hair removal can be performed with caution.
Peeling treatments should be reserved for scarring and residual marks once treatment is completed. There is controversy regarding this and procedures such as elective surgery, dermabrasion, chemical abrasives, CO 2 laser, and fractionated radiofrequency: some practitioners delay such procedures until more than 6 months 55 after stopping oral isotretinoin, and others wait 20 to 30 days, the normal time required for the drug to be eliminated. Two recent reviews 78, 79 concluded that mechanical dermabrasion and fully ablative laser were not recommended, 78 but that there was insufficient evidence to delay manual or microdermabrasion, superficial chemical peels, cutaneous surgery, fractional ablative and fractional nonablative laser resurfacing for patients currently or recently (6-12 months) exposed to isotretinoin. 78, 79 Our current practice is to wait for around 2 months after stopping isotretinoin before starting such procedures. In summary, use of specific cosmetic adjuvant treatments increases compliance with topical and oral pharmacological treatments 2.2-fold with a clear reduction in the number and severity of inflammatory lesions and a reduction in adverse effects.
Conclusions
Acne has a substantial psychological impact, frequently manifesting as depressive symptoms. Timely, effective treatment not only helps minimize risk of permanent physical scarring, but helps with psychological aspects, and such improvement in quality of life is appreciated by patients. Appropriate cosmetic advice and treatments should be considered alongside pharmacological treatment to diminish the adverse effects and encourage adherence to treatment, thus improving outcomes. Oral isotretinoin represents a milestone in the treatment of acne; it really has changed patients' lives. The most serious side effect is teratogenicity, so adherence to existing pregnancy prevention programs is paramount, regardless of the isotretinoin dose. Other side effects, in the vast majority of the cases can be easily prevented and/or treated. Oral isotretinoin, appropriately managed, may be considered a reasonable alternative in cases of acne that fails to respond to therapies such as antibiotics.
